Abstract. The summertime Arctic lower troposphere is a relatively pristine, background aerosol environment dominated by nucleation and Aitken mode particles. Understanding the mechanisms that control the formation and growth of aerosol is crucial for our ability to predict cloud properties, and therefore radiative balance and climate. We present an analysis of an aerosol growth event observed in the Canadian Arctic Archipelago during summer as part of the NETCARE project. Under stable 5 and clean atmospheric conditions, with low inversion heights, carbon monoxide less than 80 ppb v and black carbon less than 5 ng m −3 , we observe growth of small particles, <20 nm in diameter, into sizes above 50 nm. Aerosol growth was correlated with the presence of organic species, trimethylamine and methanesulfonic acid (MSA) in particles ∼80 nm and larger, where the organics are similar to those previously observed in marine settings. MSA-to-sulfate ratios as high as 0. 15 10 were observed during aerosol growth, suggesting an important marine influence. The organic-rich aerosol contributes significantly to particles active as cloud condensation nuclei (CCN, supersaturation = 0.6%), which are elevated in concentration during aerosol growth above background levels of ∼100 cm −3 to ∼220 cm −3 . Results from this case study highlight the potential importance of secondary organic aerosol formation and its role in growing nucleation mode aerosol into CCN-active 15 sizes in this remote marine environment.
ocean area will have implications on aerosol concentrations and composition, and therefore on cloud 20 properties (Browse et al., 2014) and precipitation (Kopec et al., 2016) . Aerosol-cloud-climate interactions are unique in Arctic regions due to the high surface albedo, the seasonal cycle in aerosol loading and properties, the strong static stability in the lower troposphere (Aliabadi et al., 2016b) and the dependence of cloud infrared emissivity on droplet size and aerosol characteristics (Curry, 1995) .
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Pristine, background aerosol conditions prevail in the summertime Arctic boundary layer. A pronounced seasonal cycle characterizes Arctic aerosol (Engvall et al., 2008; Sharma et al., 2013; Tunved et al., 2013; Croft et al., 2015; Nguyen et al., 2016) , with strong anthropogenic contributions to "Arctic Haze" in winter and spring (Law and Stohl, 2007; Quinn et al., 2007) , and more regional influences in the cleaner summer months, especially in the lower troposphere (Leaitch et al., 2013; 30 Heintzenberg et al., 2015) . Beginning in late spring, efficient wet removal of aerosol and less efficient transport from lower latitudes come together to suppress the condensation sink (Stohl, 2006; Engvall et al., 2008) and allow nucleation and Aitken mode particles to dominate the size distribution (Engvall et al., 2008; Heintzenberg and Leck, 2012; Croft et al., 2015) . Under these clean conditions cloud condensation nuclei (CCN) and cloud droplet number concentrations can be exceptionally low 35 (Mauritsen et al., 2011; Leaitch et al., 2016) , making summertime liquid clouds very sensitive to the formation of new particles and their growth into CCN sizes. Since Arctic clouds are an important determinant of the local surface energy balance (e.g., Intrieri et al., 2002; Lubin and Vogelmann, 2006) and have the ability to influence the thickness, freezing and melting of sea ice (Kay and Gettelman, 2009; Tjernström et al., 2015) , a predictive understanding of the sources and processes controlling 40 CCN-active aerosol is a crucial aspect of understanding the Arctic climate.
While transport of pollutants from lower latitudes does occur in Arctic summer, especially in the middle and upper troposphere, efficient scavenging during transport and within Arctic regions results in an important contribution from regional sources near the surface at this time of year (e.g., Stohl, 2006; Garrett et al., 2011; Croft et al., 2015) . In the absence of significant transported aerosol, several 45 different processes can contribute to aerosol formation, including the emission of primary particles from the ocean surface, along with formation of new particles by nucleation and their subsequent growth by condensation and coagulation.
The formation of new particles can be an important aerosol source in the summertime Arctic (Leaitch et al., 2013; Croft et al., 2015) . Through its oxidation to sulfuric acid and other prod-50 ucts, dimethyl sulfide (DMS) plays an important role in the formation, and growth, of new particles (Leaitch et al., 2013) . In the Arctic and at mid-latitudes, uncertainties in the rates and mechanisms of nucleation and growth are such that some studies are able to explain ambient observations with standard parametrizations developed from measurements at more southerly locations (e.g., Chang et al., 2011b) , while others must invoke alternative mechanisms (e.g., Karl et al., 2012) . The role of 55 ammonia and amines in particle nucleation at mid-latitudes has become well established (Almeida et al., 2013) , and recent measurements suggest that local ammonia sources in the summer Arctic are sufficient to promote particle formation (Wentworth et al., 2015; Giamarelou et al., 2016) . Iodine oxides can make a significant contribution to new particle formation in marine and coastal environments at mid-latitudes (e.g., O'Dowd and de Leeuw, 2007) ; these species may contribute to the 60 formation and growth of small particles in Arctic regions, although their biotic and abiotic sources in ice-covered regions remain unclear (Mahajan et al., 2010; Allan et al., 2015) . Organic condensible species also play a role in nucleation, and growth, of particles at mid-latitudes (e.g., Kulmala and Kerminen, 2008; Metzger et al., 2010; Ehn et al., 2014; Tröstl et al., 2016) ; however, no direct evidence for the role of organic species in Arctic nucleation events exists to date.
The ejection of primary aerosol from the sea surface, through wave-breaking and bubble-bursting, is another source of aerosol across the size distribution (Ovadnevaite et al., 2014; Clarke et al., 2006; Nilsson et al., 2001) . At mid-latitudes a large organic fraction, which originates from the enrichment of biologically-derived organic material at the sea surface, is frequently observed in marine aerosol (Facchini et al., 2008b; Gantt and Meskhidze, 2013; Frossard et al., 2014; Quinn et al., 2015a; 70 O'Dowd et al., 2015; Quinn et al., 2015b) . This primary marine organic aerosol (OA) tends to be water-insoluble with chemical similarity to lipids (e.g., Rinaldi et al., 2010; Decesari et al., 2011) , and has been demonstrated to have a source near the ocean surface (Ceburnis et al., 2008) . Some similar observations have been made in Arctic regions (e.g., Narukawa et al., 2008; Orellana et al., 2011; Fu et al., 2013; Karl et al., 2013; Fu et al., 2015) . For example, Fu et al. (2013 Fu et al. ( , 2015 have 75 shown a dominance of primary saccharides and evidence for protein and humic-like substances in Arctic aerosol suggesting an important local or regional source of primary marine OA. The release of marine micro-gels via bubble-bursting in open leads has been proposed to contribute significantly to particles over the Arctic Ocean (e.g., Bigg and Leck, 2001; Orellana et al., 2011) .
Particle growth through condensation of gas-phase species can also play a role in driving marine 80 aerosol characteristics, making ambient marine OA a complex result of primary and secondary processes (e.g., Ceburnis et al., 2008; Facchini et al., 2008b; Rinaldi et al., 2010; Frossard et al., 2014) .
In contrast to primary marine OA, secondary marine OA is generally more water-soluble and is composed of more oxygenated compounds (Rinaldi et al., 2010; Decesari et al., 2011) . Precursors of secondary marine OA include DMS and other biological volatile organic compounds (BVOCs), such 85 as isoprene, monoterpenes and amines, which are produced by a variety of marine micro-organisms (Shaw et al., 2010; Gantt et al., 2009; Facchini et al., 2008a) . However, in the absence of specific molecular tracers it can be very challenging to discern the relative contribution of primary and secondary processes to ambient marine organic aerosol (e.g., O'Dowd et al., 2015) . At mid-latitudes, direct and indirect measurements of Aitken mode particle composition have demonstrated the role 90 of secondary organic species in the growth of small particles (Vaattovaara et al., 2006; Bzdek et al., 2014; Lawler et al., 2014) . Significant fractions of alkylamines, dicarboxylic acids, methansulfonic acid, oxalic acid, alcohols and other organic acids have been observed in marine aerosol, suggest-ing contributions from secondary processes (e.g., Facchini et al., 2008a; Claeys et al., 2010; Rinaldi et al., 2010; Dall'Osto et al., 2012; Frossard et al., 2014) . In Arctic regions, the detection of specific 95 molecular tracers for isoprene, terpene and fatty acid oxidation have indicated a contribution of secondary processes to summertime organic aerosol (Fu et al., 2009; Kawamura et al., 2012; Fu et al., 2013; Hansen et al., 2014) .
Our understanding of summertime Arctic aerosol remains incomplete, in part due to a scarcity of observations focusing on the influence of local and regional sources on aerosol chemical and 100 physical properties. In this case study we focus on observations of a new particle formation and growth event made during the NETCARE summer aircraft campaign in July 2014, near Resolute Bay, Nunavut, Canada, in a general time period and location that was shown to have high biological activity in the surface ocean (Gosselin et al., 2015; Mungall et al., 2015) . We use these observations to explore the composition and formation processes of particles contributing to cloud condensation 105 nuclei in the Canadian Arctic Archipelago during summer.
Methods

Measurement platform and inlets
As part of the NETCARE project (Network on Climate and Aerosols: Addressing Key Uncertainties in Remote Canadian Environments, http://www.netcare-project.ca), measurements of aerosol physi- 
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The main aerosol inlet was located on the starboard side of the fuselage ahead of the engines.
Based upon a total flow drawn to instruments of 35 L min −1 and a measured flow at the exhaust of the sampling line of 20 L min −1 , the total flow through the shrouded inlet diffuser was nearly isokinetic at 55 L min −1 . Aerosol flowed into the cabin through a stainless steel manifold (outer diameter = 2.5 cm, inner diameter = 2.3 cm) and was directed to the various particle instruments through 120 stainless steel lines that branched from the main inlet at angles less than 90 degrees. Aerosol was not dried prior to sampling; however, the temperature in the inlet line was approximately 10 -15 • C warmer than the ambient temperature so that the relative humidity (RH) decreased significantly as the aerosol entered the sampling line. Exhaust from the main aerosol inlet flowed freely into the back of the cabin to keep the inlet from being over-pressured. Therefore, the total flow through the main 
Aerosol physical properties
Measurements of particle number concentrations, and size, were made aboard Polar 6 at a frequency of 1 Hz, unless otherwise indicated. Number concentrations of particles greater than 5 nm in di- signals from a 1054 nm laser for particle detection and sizing on a single-particle basis (e.g., Cai et al., 2008) , with a sample flow rate of 55 cm 3 min −1 from a bypass flow off the main aerosol inlet.
was determined by the sum of the SMS number from 50 to 100 nm (N 50−100 ) and the UHSAS N >100 . Here, we refer to N 5−20 as the nucleation mode, N 20−100 as the Aitken mode and N >100 and 165 larger as the accumulation mode.
Cloud condensation nuclei concentrations
Cloud Condensation Nuclei (CCN) concentrations were measured using a DMT CCN counter (CCNC, Model 100), sampling behind a DMT pressure controlled inlet at a reduced pressure of ∼6.5x10 4 Pa.
The effective supersaturation (for a nominal water supersaturation of 1%, at 6.5x10 4 Pa) was found 170 to be 0.6% (Leaitch et al., 2016) , and was held constant throughout the study to allow more measurement stability and the highest time resolution possible, and to examine the hygroscopicity of small particles. Calibration and characterization of the CCNC is described in (Leaitch et al., 2016) .
The effective aerosol hygroscopicity parameter (κ) was estimated according to Petters and Kreidenweis (2007) , using the average aerosol composition from the aerosol mass spectrometer (see 175 below) with ammonium sulfate and organic aerosol densities of 1770 kg m −3 and 1550 kg m −3 , respectively (e.g., Chang et al., 2010) . Assuming a temperature of 298 K and the surface tension of pure water the dry diameter for activation was calculated at the supersaturation of our CCN measurements. The measured size distribution could then be integrated down to this dry diameter to produce predicted CCN concentrations for comparison with measured values. (Phinney et al., 2006; Zorn et al., 2008) and sea salt (Ovadnevaite et al., 2012) .
The detection efficiency of sea salt containing particles is dependent on not only the ambient relative humidity, but also the temperature of the tungsten vaporizer (Ovadnevaite et al., 2012 Figure S2 in the Supplement). The default HR-ToF-AMS fragmentation table was modified to include MSA, such that contributions from MSA to peaks usually associated with organic species and sulfate were accounted for. The sensitivity of our HR-ToF-AMS 250 to MSA relative to nitrate (RIE MSA ) was determined to be 1.33 ± 0.05, which is similar to estimated values used in other studies (e.g., Zorn et al., 2008) . The MSA calibration and fragmentation pattern are described in more detail in Section 1.1 of the Supplement.
Ammonium nitrate calibrations (with 300 nm particles) were carried out four times during the campaign (Jimenez et al., 2003) , and air-beam corrections were referenced to the appropriate cal-255 ibration in order to account for differences in instrument sensitivity between flights. The relative ionization efficiencies for sulfate and ammonium (RIE SO4 and RIE NH4 ) were 1.4±0.1 and 3.7±0.3.
The default relative ionization efficiency for organic species (i.e., RIE Org = 1.4) was used (Jimenez et al., 2003) , which may lead to some larger uncertainty in the quantification of organic aerosol mass (Murphy, 2015) . Elemental composition was calculated using the method presented in Cana-260 garatna et al. (2015) . Detection limits for sulfate, nitrate, ammonium, MSA and organics based on three-times the signal-to-noise of filter measurements in flight were 0.009, 0.008, 0.004, 0.005 and 0.08 µg m −3 , respectively. A composition dependent collection efficiency (CDCE) was applied to correct HR-ToF-AMS mass loadings for non-unity particle detection due to particle bounce on the tungsten vaporizer (Middlebrook et al., 2012) . After the CDCE correction HR-ToF-AMS total mass 265 loadings agreed with estimated mass concentrations from the UHSAS within a factor of two.
Aircraft-based Laser Ablation Aerosol Mass Spectrometer
Single particle analysis was conducted using the Aircraft-based Laser Ablation Aerosol Mass Spectrometer (ALABAMA). A detailed description of the instrument can be found in Brands et al. (2011) .
Briefly, the ALABAMA samples particles through a pressure-controlled inlet and an aerodynamic 270 lens. The particles are detected and sized by light scattering when passing two continuous laser beams separated along the path of the sampled aerosol. Particles are ablated and ionized by a single 266 nm laser pulse, and the resulting ions are detected in a bipolar time-of-flight mass spectrometer.
Optical detection of aerosol limits the minimum detectable particle size to approximately 150 nm with particles at approximately 400 nm detected at the highest efficiency. The transmission effi-275 ciency in the aerodynamic lens limits the maximum detectable size to approximately 1000 nm. Particle mass spectra collected by the ALABAMA are analysed using a software package that includes m/z calibration, peak area integration and automated clustering using fuzzy c-means clustering (Hinz et al., 1999; Roth et al., 2016) . As is done in this case study, subsets of particles can also be analysed manually by searching for selected marker peaks known from reference laboratory and field data.
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A subset of 68 particles detected over the period relevant to this case study was analysed manually using marker peaks as follows. Organic carbon (OC) was characterized by peaks at m/z 27, 37 3 ) in addition to sodium chloride. Trimethylamine (TMA) was identified by peaks at m/z 58 and 59 (C 3 H 8 N + and C 3 H 9 N + ) based on laboratory reference measurements of TMA particles and previously published field data (e.g., Rehbein et al., 2011; Healy et al., 2015) .
295
2.7 Identifying airmass history using FLEXPART-WRF
The Lagrangian particle dispersion model FLEXible PARTicle dispersion model driven by meteorology from the Weather Research and Forecasting model (FLEXPART-WRF) (Brioude et al., 2013) (website: flexpart.eu/wiki/FpLimitedareaWrf) was used to study the history air masses prior to sampling during the flight. FLEXPART-WRF is based on FLEXPART (Stohl et al., 2005) , but uses the 300 limited area meteorological forecast from WRF (Skamarock et al., 2001) , with the specific WRF forecast details for the NETCARE campaign provided in Wentworth et al. (2015) . Here, we use FLEXPART-WRF run in backward mode to study the origin of air influencing aircraft-based aerosol measurements. Further details of the FLEXPART-WRF simulations performed for NETCARE 2014 summer campaign are also found in Wentworth et al. (2015) . rBC mass loadings during the period of interest and over the entire flight were 1.6 ± 0.9 ng m −3 and 2.5 ± 1.5 ng m −3 , respectively, with slightly higher concentrations found aloft.
Air mass history from FLEXPART-WRF indicates a strong local Arctic influence on the sampled air mass. FLEXPART-WRF air mass origin is shown as the column integrated air mass residence time prior to sampling, also referred to as the column integrated potential emission sensitivity (PES), for 340 the release time and location of this case study (Figure 3a) . The column integrated PES supports that the locally-influenced air mass originated from generally clean conditions with no pollution sources.
The air mass encountered by the aircraft at 82.2
• W and ∼85 m a.g.l. resided over a snow and icecovered island (Devon Island, (Friedl et al., 2010) ) for approximately one week before descending into Lancaster Sound within one day of sampling (Figure 3) . The model also indicates that the 345 sampled air mass had a residence time within the lowest 300 m of four to five hours prior to sampling, providing at least four hours of transport and chemistry within the boundary layer (Figure 3b and c).
Overall, FLEXPART-WRF air mass history suggests that the sampled air mass had little exposure to fresh sea emissions until four to five hours prior to sampling, when it moved from above the snow and ice covered land and was exposed to the ocean surface within the lower boundary layer. concurrently with an increase in N 20−100 (Figure 4a ). We do not directly observe the formation of the smallest particles; however, we hypothesize that they were formed through nucleation in a very clean atmosphere.
Particle number size distributions from 20 to 1000 nm illustrate that particles below 20 nm ( Figure   360 4a,c) grow to form a mode centred at 30 -40 nm (Figure 4d-f) . Beyond 86 • W we observe N 20−100
at background levels of ∼100 cm −3 . These observations suggest that the aerosol size distribution develops as the airmass moves downwind to the east. The advection time scale from 85.8 to 81.1 • W is 6.7 hr, given an average wind speed of 6.5 m s −1 , and the sampling time of the aircraft over this distance is 35 min. Given the substantial changes in aerosol size and number concentration observed 365 over this relatively short time period, our observations suggest that a source of condensible material contributing to aerosol growth is present to the west of the sampling region and it is unlikely that a wider source region contributed. An estimate of the growth rate in this case is associated with a large uncertainty since it is complicated by a number of factors, including the one-minute time resolution of the SMS that corresponds to a sampling distance of ∼4 km, and uncertainties in the 370 advection time. Therefore, it is difficult to quantitatively follow the evolution of the size distribution.
Compounded by our lack of knowledge of the spatial uniformity of the condensible material, we do not present an estimate of the growth rate here.
The boundary layer was characterized by a low pre-existing aerosol surface area (i.e., a small condensation sink). A small number of particles above 200 nm in diameter (∼10 -15 cm −3 ) were 375 present within the lower boundary layer, and show a time variation distinct from that of N >50
and N >100 (Figure 4b ). These larger particles are present during both sampling periods within the lower boundary layer (i.e., near 85
• W and 82.5
• W), where winds speeds were relatively constant (6.5±1.8 m s −1 ), and could be from ejection of primary sea-spray aerosol (see below). The small N >200 provides a low pre-existing aerosol surface area (average ± standard deviation: 3.8±2.0 µm 2 cm −3 ), If the aerosol size distribution was dominated by primary sea-spray aerosol, given constant wind 400 speed, there would be no reason for such a delay in our observations of N >50 and N >100 . Indeed, given the decreasing abundance of N >300 , the evidence suggests that the sea spray source, which is associated with larger particles (see below), is becoming less important as N >50 is increasing.
These observations are suggestive of a secondary process growing particles from less than 20 nm into larger sizes, above 50 nm. , 1992) . MSA cannot be viewed as a conservative tracer of DMS oxidation (e.g., Bates et al., 1992) ; however, it is notable that the MSA-to-sulfate ratio reached a peak value of 0.15 during the growth event (corresponding to a peak mass of 60 ng m −3 ), which is significantly higher than at all other times during this flight (Figure 5b ). The absolute MSA concentration measured by 415 the HR-ToF-AMS should be viewed as a lower limit since a portion of the MSA mass could reside on particles smaller than the lower size-limit of the instrument. Particle-size-resolved mass spectra (pToF, Figure S6 in the Supplement) during particle growth indicate that total organic aerosol was present in relatively small particle sizes, from less than 80 nm to approximately 200 nm (vacuum aerodynamic diameter, d va ). Unfortunately, signal-to-noise ratios for MSA were such that little use-420 ful information could be drawn from the corresponding pToF data. The correlation of OA and MSA with particle growth suggests that the growth of particles into the size range of the HR-ToF-AMS was mediated by the condensation of MSA and condensible organic species. The source and identity of these species, aside from MSA, is not known, but we hypothesize a role for marine-derived biogenic volatile organic compounds (VOCs).
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While non-marine sources of condensible organic species, such as emissions of isoprene and terpenes from high Arctic terrestrial vegetation (Schollert et al., 2014) and photochemical production of VOCs in the snowpack (Grannas et al., 2007 ) (e.g., over the snow and ice-covered Devon Island), could also contribute to particle growth, single particle observations of aerosol composition further suggest a marine influence on particles greater than ∼150 nm (d va ). Fifty-four percent of particles 430 detected by the ALABAMA over the region highlighted in Figure 2a contained detectable signal for trimethylamine (TMA, Figure 6 ), in support of aerosol growth through the condensation of marinederived biogenic VOCs (e.g., Facchini et al., 2008a; Dall'Osto et al., 2012) . Consistent with HR-ToF-AMS observations of MSA during the growth event, ∼30% of particles detected by the ALABAMA contained observable MSA signal. TMA was mainly present as an internal mixture with potassium,
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sulfate, other organic species and to a lesser degree with MSA ( Figure 6 ).
Organic aerosol observed by the HR-ToF-AMS during particle growth appears chemically distinct from the OA observed at other times during this flight, especially compared to that above the lower boundary layer (OA mass spectra are presented in Figure S7 of the Supplement). Hydrocarbon fragments (C x H + y , largely unsaturated) contribute 50% to growth event OA mass spectra, and only 30% 440 to non-growth event OA. Oxygenated organic fragments (C x H y O + z ) contribute 50% to growth event OA mass spectra, and 70% to non-growth event OA. C x H + y and C x H y O + z fragments are correlated during the growth event, suggesting that these less-oxygenated and more-oxygenated species are arising from a similar source. Average elemental composition also shows notable differences with oxygen-to-carbon (O:C) and hydrogen-to-carbon (H:C) ratios in the growth event OA of 0.5 and 1.6 445 while non-growth event OA was significantly more oxygenated with O:C and H:C ratios of 0.78 and 1.2, suggesting less aged OA during the growth event compared to other times.
To gain further insight into the characteristics of the OA observed during the growth event, we compared our mass spectrum with a number of OA mass spectra obtained with AMS instruments.
The growth event OA compares favourably with marine-like OA observed at Mace Head, Ireland (R 2 450 = 0.75) (Ovadnevaite et al., 2011) as well as with marine OA observed over the Arctic Ocean (R 2 = 0.88) (Chang et al., 2011a) . OA from the growth event also compares favourably with alpha-pinene secondary organic aerosol (SOA) generated under low NO x conditions (R 2 = 0.78) (Chhabra et al., 2011) and with spectra associated with isoprene SOA from a forested site (R 2 = 0.85) (Robinson et al., 2011 ), but does not compare well with IEPOX SOA (RIn conjunction with the presence of MSA during the growth event, the comparisons with previously observed marine-OA spectra support the hypothesis that we observe a marine-influenced aerosol.
The comparisons with terpene-related OA could also support a marine-influenced aerosol (e.g., Shaw et al., 2010), but could also be consistent with other regional sources of these OA precursors (e.g., Grannas et al., 2007; Schollert et al., 2014) . 
Other aerosol chemical species
Other aerosol components detected by the HR-ToF-AMS showed a time variation distinct from organic aerosol species. Sulfate mass loading was relatively constant, within the lower boundary layer (Figure 5a ), suggesting that it did not contribute significantly to particle growth during this event. Owing to the relatively slower oxidation of sulfur dioxide to sulfuric acid, it is feasible that 465 MSA resulting from DMS oxidation could be contributing to particle growth while sulfate salts are not. However, this would be inconsistent with the results of Giamarelou et al. (2016) . Similarly to the observed OA, sulfate was present in relatively small particles with a peak in the size distribution slightly larger than that of OA ( Figure S6 in the Supplement). Ammonium concentrations are low and show some correlation with organic and inorganic aerosol species, suggesting that OA, MSA 470 and sulfate could be partially neutralized by ammonium. The HR-ToF-AMS estimate of aerosol neutralization (accounting for sulfate, nitrate and MSA) peaks at a value of ∼0.6 during particle growth (Figure 5b ).
Exclusively within the lower boundary layer we observe an increase in iodine signal as I + (m/z 126.90), while no other iodine-containing peaks were observed above mass spectral noise ( Figure   475 5c). Our observations are potentially consistent with those of Allan et al. (2015) , who used similar measurements to highlight the possible role of iodine-oxide species in particle nucleation in Arctic regions. Here, I + shows a modest correlation not only with N 5−20 but also with N >200 , since particles in both size ranges are confined to the lower boundary layer and their variability in time is largely dictated by the aircraft's position ( Figure S8 in the Supplement). Without further information about 480 the chemical form of the iodine we observe, it is difficult to discern whether the HR-ToF-AMS I + arises from iodine-oxides present in small particles or from biological iodine-containing compounds and iodine-containing salts potentially present in primary sea-spray aerosol (e.g., Murphy et al., 1997) .
Primary sea spray aerosol was confined to the lower boundary layer and contributed largely to 485 N >200 . The HR-ToF-AMS signal for NaCl + , qualitatively indicating the presence of sea salt aerosol, is present in the lower boundary layer (Figure 5c and S5 in the Supplement) and correlates well with N >200 and N >300 ( Figure S8 in the Supplement). As mentioned above, the negative relationship between N >50 and both N >300 and NaCl + near 82.5
• W suggests a decreasing importance of primary sea spray at the point where the secondary formation is maximum. Consistent with this observation,
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single particle measurements from the ALABAMA indicate that NaCl-containing particles were present at larger sizes (i.e., peaking at 400 nm d va ) and, notably, were externally mixed from other particle types containing TMA (Figure 6 ).
Cloud condensation nuclei (CCN)
CCN concentrations are elevated above background levels during the growth event, and are well-
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correlated with the number of particles greater than 80 nm (N >80 , Figure 7) . If the particles contributing to CCN concentrations at this time were only composed of ammonium sulfate, under our experimental conditions (i.e., 0.6% supersaturation), we would expect the CCN-activation diameter to be ∼40 nm (Petters and Kreidenweis, 2007) . A CCN-activation diameter of approximately 80 nm therefore indicates that a species less hygroscopic than ammonium sulfate is contributing to 500 the CCN we observe. This is consistent with the elevated OA mass loading we measure when CCN concentrations are high ( Figure 7 , colour scale), while sulfate was relatively low compared to other time periods (Figure 7 , marker size).
Since the aerosol was not actively dried and the supersaturation was held constant in the CCNC, in order to allow for rapid measurements, a calculation of the effective aerosol hygroscopicity pa-505 rameter (κ) in this case carries a large uncertainty (Petters and Kreidenweis, 2007) . In particular, measured particle diameters may be slightly larger than the corresponding dry diameter. The temperature in the inlet line was 10 -15
• C warmer than the ambient temperature so that the relative humidity (RH) decreased significantly as the aerosol entered the sampling line (i.e., during the case study period, the ambient RH was 80% at 8 -10
• C, and the RH decreased within the inlet to ap-510 proximately < 30%). Using the measured aerosol composition, we estimate that measured particle diameters are up to 10% larger than the corresponding dry diameter.
Nonetheless, this calculation is still illustrative of the organic aerosol properties in this environment. If the kappa value of the organic aerosol (κ Org ) is 0.1, and κ for the whole aerosol is calculated based on the HR-ToF-AMS organic and sulfate loadings and the known κ for ammonium sulfate, 515 then the resulting dry diameter for activation is ∼60 nm. From our measurements, the activation diameter seems to be larger than 60 nm so that κ Org of 0.1 could be regarded as an upper limit. If we overestimate aerosol size by 10%, due to incomplete drying in our sampling line, then our estimated CCN-activation diameter and the calculated dry diameter for activation become more similar. Overall, this illustrates that the organic aerosol was relatively non-hygroscopic with κ Org ∼ 0.1. This 520 estimate is within the range of κ Org recently measured in a coastal, marine influenced environment by Yakobi-Hancock et al. (2014) .
Conclusions
In this case study, we present evidence that growth of nucleation mode particles in the summertime Arctic can be mediated by the condensation of methanesulfonic acid (MSA) and condensible organic 525 species. Our observations of particle growth, informed by observations of particle composition, suggest a combination of primary and secondary aerosol across the size distribution. We observe the growth of small particles, less than 20 nm, into sizes above 50 nm, while our measurements suggest that ejection of primary sea-spray aerosol contributes to externally mixed particles larger than 200 nm. The small N >200 , that are likely from direct emissions of sea-spray, could contain a sub-530 stantial fraction of organic aerosol (OA). However, the majority of OA mass observed here is best correlated with MSA, N >80 (dominated by N 80−150 ), and the presence of trimethylamine (TMA) suggesting that this OA is largely secondary in origin. As well, it occurs simultaneously with a period of pronounced aerosol growth. Together, this indicates that the cloud condensation nuclei (CCN)
we observe are largely controlled by secondary processes.
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Very few studies have measured aerosol composition at high time resolution in the summertime Arctic. Even fewer studies have provided evidence for secondary organic aerosol formation in Arctic regions, in part owing to the infrequency of measurements in the remote marine boundary layer.
These results highlight the potential importance of secondary marine organic aerosol formation, and its role in growing nucleation mode particles into CCN-active sizes in the clean summertime Arctic 540 atmosphere. Future measurements of nucleation and Aitken mode particle composition coupled to characterization of gas-phase organic species will greatly improve our understanding of particle formation and growth in remote regions, aiding in our ability to understand resulting aerosol-cloudclimate interactions. by subtracting the sum of the SMS total number concentration (N20−100) and UHSAS number concentration greater than 100 nm (N>100) from the total UCPC concentration (i.e., N>5). and the cloud condensation nuclei concentration (CCN) at 0.6% supersaturation, below 1 km, during the case study period. Data are coloured by organic aerosol loading and point size corresponds to sulfate loading.
